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We propose a hybrid inflation scenario in which the singlet sneutrino, the superpartner of the
right-handed neutrino, plays the role of the inflaton. We study a minimal model of sneutrino hybrid
inflation in supergravity, where we find a spectral index ns ≈ 1 + 2γ with |γ| . 0.02, and predict
a running spectral index |dns/d ln k| ≪ |γ| and a tensor-to-scalar ratio r ≪ γ
2 for field values well
below the Planck scale. In our scenario, the baryon asymmetry of our universe can be explained via
non-thermal leptogenesis and a low reheat temperature TRH ≈ 10
6 GeV can be realized.
Introduction—Although inflation has become a widely
accepted paradigm for solving the flatness and horizon
problems of the early universe, the relation of inflation
to particle physics remains unclear. Even though there
are many models of inflation, there are not so many par-
ticle physics candidates for the scalar field responsible for
inflation, the so called inflaton field [1]. The main reason
for this is that the inflaton is required to satisfy slow-
roll conditions which are in general difficult to reconcile
with the known couplings of particle physics candidates.
The experimental discovery of neutrino mass and mix-
ing, when combined with the ideas of the see-saw mech-
anism [2] and supersymmetry [3], gives a new perspec-
tive on this problem. In order to generate the observed
neutrino masses within a see-saw extended version of the
minimal supersymmetric standard model (MSSM), right-
handed neutrinos are typically introduced and small neu-
trino masses arise naturally from the see-saw mechanism.
Among the particles of this extended MSSM, the singlet
sneutrinos, the superpartners of the right-handed neutri-
nos, become attractive candidates, in fact the only can-
didates, for playing the role of the inflaton. Motivated by
such considerations, the possibility of chaotic (large field)
inflation with a sneutrino inflaton [4] has recently been
revisited [5]. An alternative to chaotic inflation is hybrid
inflation [6], which, in contrast to chaotic inflation, in-
volves field values well below the Planck scale. Hybrid
inflation is thereby promising for connecting inflation to
particle physics [7].
In this Letter we suggest that one (or more) of the
singlet sneutrinos N˜i, where i = 1, 2, 3 is a family in-
dex, could be the inflaton of hybrid inflation. We present
a minimal model of sneutrino hybrid inflation in super-
gravity, and find the spectral index ns ≈ 1 + 2γ with
|γ| . 0.02, |dns/d ln k| ≪ |γ| and the tensor-to-scalar ra-
tio r ≪ γ2. We shall furthermore show how the baryon
asymmetry of our universe can be explained via non-
thermal leptogenesis [8, 9]. A low reheat temperature
TRH ≈ 106 GeV, consistent with the gravitino constraints
in some supergravity theories [10], can be realized with
values of the neutrino Yukawa couplings consistent with
first family quark and lepton Yukawa couplings in Grand
Unified Theories (GUTs).
The Model — Consider the superpotential [11]
W = κSˆ
(
φˆ4
M ′2
−M2
)
+
(λN )ij
M∗
NˆiNˆj φˆφˆ + . . . , (1)
where κ and (λN )ij are dimensionless Yukawa couplings
and M,M ′ and M∗ are three independent mass scales.
The superfields Nˆi, φˆ and Sˆ contain the following bosonic
components, respectively: the singlet sneutrino inflaton
N˜ [14], which is non-zero during inflation; the so-called
waterfall field φ, which is held at zero during inflation
but which develops a non-zero vacuum expectation value
(vev) after inflation; and the singlet field S which is held
at zero during and after inflation [15]. The form of W in
Eq. (1) can be understood as follows. The first term on
the right-hand side serves to fix the vev of the waterfall
field after inflation and contributes a large vacuum energy
to the potential during inflation. We have chosen the
waterfall superfield to appear in this term as φˆ4/M ′
2
instead of φˆ2 in order to allow a Z4 discrete symmetry to
prevent explicit singlet (s)neutrino masses [17]. W is also
compatible with a U(1)R-symmetry under which W and
Sˆ each carry unit R-charge, while the charge of Nˆ is 1/2.
Under suitable conditions the discrete subgroup of this
symmetry acts as matter parity [16]. The second term
on the right-hand side of Eq. (1) allows the sneutrino
inflaton to give a positive mass squared for the waterfall
field during inflation, which fixes its vev at zero as long
as |N˜ | is above a critical value. After inflation, when the
waterfall field acquires its non-zero vev, the same term
yields the masses of the singlet (s)neutrinos.
With non-zero F-terms during inflation, the Ka¨hler po-
tential can contribute significantly to the scalar potential.
Since the field values of the inflaton are well below the
reduced Planck scale mP = 1/
√
8πGN, we can consider
2an expansion in powers of 1/m2P [18]:
K = |Sˆ|2+ |φˆ|2+ |Nˆ |2+ κS |Sˆ|
4
4m2
P
+ κN
|Nˆ |4
4m2
P
+ κφ
|φˆ|4
4m2
P
+ κSφ
|Sˆ|2|φˆ|2
m2
P
+ κSN
|Sˆ|2|Nˆ |2
m2
P
+ κNφ
|Nˆ |2|φˆ|2
m2
P
+ . . . ,(2)
where the dots indicate higher order terms and addi-
tional terms for the other fields in the theory. With a
non-canonical Ka¨hler potential as above, the field S ac-
quires a large mass which holds it at zero during inflation.
We will neglect radiative corrections to the potential in
the following, which are generically subdominant in our
model.
The Potential — We now analyze the scalar potential
for the model defined by the superpotential W of Eq.
(1) and the Ka¨hler potential K of Eq. (2). The F-term
contributions to the scalar potential are given by:
VF = e
K/m2
P
[
K−1ij DziWDz∗jW∗ − 3m−2P |W|2
]
, (3)
with zi being the bosonic components of the superfields
zˆi ∈ {Nˆ, φˆ, Sˆ, . . . } [20] and where we have defined
DziW :=
∂W
∂zi
+m−2
P
∂K
∂zi
W , Kij := ∂
2K
∂zi∂z∗j
(4)
and Dz∗
j
W∗ := (DzjW)∗. Since we assume that N˜ , φ
and S are effective gauge singlets at the energy scales
under consideration, there are no relevant D-term con-
tributions. From Eqs. (1) and (2), with canonically nor-
malized fields, we obtain the potential
V = κ2
( |φ|4
M ′2
−M2
)2(
1 + (1 − κSφ) |φ|
2
m2
P
+
+ (1− κSN ) |N˜ |
2
m2
P
− κS |S|
2
m2
P
)
+
4λ2N
M2∗
(|N˜ |4|φ|2 + |N˜ |2|φ|4) + . . . , (5)
where we have shown only the leading order terms and
the terms essential for our analysis.
Sneutrino Hybrid Inflation — Writing the potential of
Eq. (5) in terms of real fields N˜R =
√
2|N˜ |, φR =
√
2|φ|
and SR =
√
2|S|, we obtain
V = κ2
(
φ4R
4M ′2
−M2
)2(
1− β φ
2
R
2m2
P
+ γ
N˜2R
2m2
P
− κS S
2
R
2m2
P
)
+
λ2N
2M2∗
(N˜4Rφ
2
R + N˜
2
Rφ
4
R) + . . . , (6)
where we have defined
β := κSφ − 1 (> 0 for inflation to end) , (7)
γ := 1− κSN . (8)
During inflation, the waterfall field φR has a zero vev
and the potential is dominated by the vacuum energy
V0 = κ
2M4. This false vacuum during inflation is stable
as long as the mass squared for the waterfall field φR is
positive. From Eq. (6) we obtain the requirement
m2φR = λ
2
N
N˜4R
M2∗
− βκ
2M4
m2
P
> 0 . (9)
Inflation ends when m2φR becomes negative, i.e. φR devel-
ops a tachyonic instability and rolls rapidly to its global
minimum at 〈φR〉 =
√
2M ′M . Clearly, this requires
β > 0, as already indicated in Eq. (7). More precisely, in-
flation ends by a second order phase transition when the
field value of the inflaton drops below the critical value
N˜Rc given by
N˜2Rc =
√
β
κ
λN
M2M∗
mP
. (10)
From Eq. (6) we see that SR can be set to zero dur-
ing inflation if we take e.g. κS < −1/3, such that SR
gets a mass term larger than the Hubble parameter
H ≈ √V0/(
√
3mP). With φR = SR = 0, the part of the
scalar potential relevant for the evolution of the singlet
sneutrino inflaton N˜R during inflation is given by
V = κ2M4
(
1 + γ
N˜2R
2m2
P
+ δ
N˜4R
4m4
P
)
+ . . . , (11)
where we have included the next-to-leading order term
proportional to δ = 1
2
+κ2SN−κSNκN+ 54κN + . . . . The
parameter γ in the scalar potential controls the mass of
the inflaton. Furthermore, compared to the term propor-
tional to γ, the term proportional to δ is suppressed by
N˜2R/m
2
P and will be neglected. The slow-roll parameters
are given by
ǫ :=
m2P
2
(
V ′
V
)2
≃ (δN˜
3
R+m
2
PγN˜R)
2
2m6
P
≈ γ2 N˜
2
R
2m2
P
, (12)
η := m2P
(
V ′′
V
)
≃ γ + 3 δN˜
2
R
m2
P
≈ γ , (13)
ξ := m4P
(
V ′ V ′′′
V 2
)
≃ 6 δN˜
2
R(γm
2
P + δN˜
2
R)
m4
P
, (14)
where prime denotes derivative with respect to NR.
Thus, assuming that the slow-roll approximation is justi-
fied (i.e. ǫ≪ 1, η ≪ 1), the spectral index ns, the tensor-
to-scalar ratio r = At/As and the running spectral index
dns/d ln k are given by
ns ≃ 1− 6ǫ+ 2η ≈ 1 + 2γ , (15)
r ≃ 16ǫ ≈ γ2 8 N˜
2
Re
m2
P
, (16)
dns
d ln k
≃ 16ǫη − 24ǫ2 − 2ξ ≈ −γ 12δ N˜
2
Re
m2
P
. (17)
3In the above formulae, N˜Re is the field value of the infla-
ton N˜R atN = 50 to 70 e-folds before the end of inflation,
given approximately by
N˜Re ≈ N˜Rc eγN , (18)
with the critical value N˜Rc at the end of inflation defined
in Eq. (10). The experimental data on the spectral in-
dex from WMAP ns = 0.99± 0.04 [21] restricts γ to be
roughly |γ| . 0.02. As discussed above, γ controls the
sneutrino mass during inflation. In this model it stems
mainly from supergravity corrections. Realizing a very
small value of γ would require some tuning. In addi-
tion, we see that the tensor-to-scalar ratio r = At/As and
the running spectral index dns/d lnk are suppressed by
higher powers of γ or by N˜2R/m
2
P and are thus generically
small. Especially the prediction for the tensor-to-scalar
ratio r ≪ γ2 is thus in sharp contrast to the prediction
of r = 0.16 for the case of chaotic sneutrino inflation.
In our model, the amplitude of the primordial spec-
trum is given by
P
1/2
R ≃
1√
2ε
(
H
2πmP
)
≈ κ
2
√
3 γ π
M2
mP N˜Re
. (19)
Given the COBE normalization P
1/2
R ≈ 5 × 10−5 [22],
from Eqs. (10), (19) and (18) we obtain
M2
M∗mP
≈ 3× 10−8 γ
2
√
β
κλN
, (20)
which relates the scale M in the superpotential to the
cutoff scale M∗. It has to be combined with the con-
straint N˜Re ≪ mP (see Eqs. (18) and (10)) and with
M <M ′,M∗.
Reheating and Non-thermal Leptogenesis— In our sce-
nario, the observed baryon asymmetry can arise via non-
thermal leptogenesis [8, 9].
Let us assume the situation that the inflaton is the
lightest singlet sneutrino N˜1 and that it dominates lep-
togenesis and reheating after inflation [23]. This is
e.g. the case if the waterfall field φ decays earlier than
the singlet sneutrino inflaton via heavier singlet neu-
trinos N2 (or N3) with comparably large couplings to
φ. From Eq. (1), using 〈φ〉 = √M ′M , we see that its
mass is given by MR1 = 2(λN )11M
′M/M∗ in the basis
where the mass matrix MR of the singlet (s)neutrinos
is diagonal. It decays mainly via the extended MSSM
Yukawa coupling (Yν)i1LˆiHˆuNˆ1 into slepton and Higgs
or into lepton and Higgsino with a decay width given
by ΓN1 = MR1(Y
†
ν Yν)11/(4π). The decay of the sin-
glet sneutrino after inflation reheats the universe to a
temperature TRH ≈ (90/(228.75π2))1/4
√
ΓN1mP. If
MR1 ≫ TRH, the lepton asymmetry is produced via
cold decays of the singlet sneutrinos [25]. In this case,
the produced baryon asymmetry can be estimated as
nB/nγ ≈ −1.84 ε TRH/MR1, where ε is the decay asym-
metry for the singlet sneutrino decay. Note that ε is
bounded by |ε| . 3
8pi
√
∆m231MR1/v
2
u [26] for the case
of hierarchical singlet (s)neutrinos and light neutrinos.
∆m231 ≈ 2.6 × 10−3 eV2 is the atmospheric neutrino
mass squared difference and vu = 〈Hu〉. The bound on ε
implies |nB/nγ | . 1.84
√
∆m231TRH 3/(8πv
2
u), and hence
TRH & 10
6 GeV for the observed baryon-to-photon ratio
nB/nγ = (6.5
+0.4
−0.8)× 10−10 [21].
To take a concrete example of the above discussion,
neutrino Yukawa couplings (Yν)i1 ≈ 10−6 and a sneu-
trino mass of MR1 = 10
8 GeV imply a reheat temper-
ature TRH ≈ 106 GeV, compatible with the gravitino
constraints (see e.g. [10]) in some supergravity theories,
saturating the lower bound on TRH [27]. In this exam-
ple the lightest singlet neutrino is effectively decoupled
from the see-saw mechanism as in sequential dominance
[29]. Using MR1 = 2(λN )11M
′M/M∗ and Eq. (20), tak-
ing γ = β = 10−2 yields κ = 10−2M ′/M . In addi-
tion, N˜Re ≪ mP is satisfied forMM ′/m2P ≪ 10−4 (using
Eqs. (18) and (10)). We see that this can be achieved
easily with M ≈ 0.1M ′ and both scales somewhat below
the GUT scale. M∗ is not constrained directly and can
for example be around 1017 GeV. With M ≈ 1015 GeV
and M ′ ≈ 1016 GeV we obtain for instance N˜Re ≈ 1016
GeV, well below the Planck Scale. For (λN )33 = O(1),
the heaviest singlet (s)neutrino has a mass MR3 ≈ 1014
GeV in this case.
Summary and Conclusions — We have proposed a hy-
brid inflation scenario in which one (or more) of the sin-
glet sneutrinos, the superpartners of the right-handed
neutrinos, play the role of the inflaton. Sneutrinos are
present in any extension of the MSSM where the small-
ness of the observed neutrino masses is explained via
the see-saw mechanism. In a minimal model of sneu-
trino hybrid inflation in supergravity we have shown how
the baryon asymmetry of our universe can be explained
via non-thermal leptogenesis after inflation. For achiev-
ing a low reheat temperature, the Yukawa couplings can
have values consistent with first family quark and lepton
Yukawa couplings in GUT models. For example, the in-
flaton can be the lightest singlet sneutrino with a mass
around 108 GeV and can have Yukawa couplings ≈ 10−6
in order to realize a reheat temperature TRH ≈ 106
GeV, consistent with the gravitino constraints in some
supergravity theories. In contrast to chaotic inflation,
the field values of the singlet sneutrino inflaton in hy-
brid inflation are well below the Planck scale, so that
the supergravity corrections can be carefully monitored.
In the minimal model considered here these corrections
play an essential role. We have found the spectral index
ns ≈ 1+ 2γ with |γ| . 0.02 and a running spectral index
|dns/d ln k| ≪ |γ|. Furthermore, sneutrino hybrid infla-
tion predicts a small tensor-to-scalar ratio r ≪ γ2, much
smaller than the prediction r ≈ 0.16 of chaotic sneutrino
inflation. This makes sneutrino hybrid inflation easily
distinguishable from chaotic sneutrino inflation.
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